According to the contradiction of power generation, flood control and river ecosystem during the process of reservoir operation, the sub-models of flood prevention, power generation and river ecosystem are established in this paper. The reservoir multi-objective scheduling model considering ecological regulation are established through multiple objective decision making theory. To reduce the workload and the difficulty of sub-model calculation in multi-objective joint scheduling of reservoir, the results calculated from the sub-model are used as a basis and the functional relationship between reservoir operation parameters and the objectives is established to have the objectives linked, then the joint scheduling multi-objective of reservoir can be used reasonably.
INTRODUCTION
The relationship between hydraulic projects and the river ecosystem has aroused international concern since 1970s and it has become an important topic in the field of water resources and the environment. Currently water scientists and ecologists have carried out a large number of researches in the related fields. However, due to the lack of the necessary exchanges and integration between these disciplines, the in-depth study of river system adjustment mechanism and the establishment of reservoir multi-objective scheduling system are limited. The development of system engineering has promoted the progress of reservoir operation research [1, 2] . For the rarity of taking account of the ecological regulation in reservoir multi-objective scheduling, the reservoir multi-objective scheduling is mainly based on flood prevention, power generation, shipping, water supply and sediment ejection in the past years while it's not so common considering ecological regulation as the main factor. Hence the research of reservoir multi-objective scheduling considering ecological regulation is necessary. Moreover, as the important technical support of reservoir operation research, it's of great significance to maintain the health of river system and achieve the sustainable development of the total basin. In this paper, the power generation, flood control and ecological scheduling are treated as the basic objective, and the reservoir joint scheduling multi-objective decision-making model is built from multi-objective decision-making method.
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The establishment of reservoir multi-objective scheduling sub-models
For the purpose of reflecting the relationship between power generation, flood control, and river ecosystem after reservoir operation, the sub-models of reservoir power generation, flood prevention and ecological regulation should be established firstly as the basis of reservoir multi-objective scheduling calculation.
Flood regulation sub-model
In this paper, deterministic dynamic programming model [3] is adopted for the establishment of reservoir flood regulation sub-model, which can reflect the process and effect of reservoir regulation that has a certain flood control storage. In this sub-model, each time interval is a state variable in the flood process, while the period average of releasing discharge and the reservoir storage water at the end of the period are regarded as decision variable, and the discharge of the reach's control point is regarded as stage variable. The state transition equations of this sub-model are the reservoir water balance equation and river outflow's state transition equations. The reservoir will fully undertake the flood regulation task when the flood diversion is not considered, and the objective function of this sub-model is to realize the minimum required flood storage capacity for the regulation, while the constraint conditions are the reservoir flow discharge capacity, the storage capacity, the allowable discharge of the flood control point, and the change rate of reservoir flow discharge, etc. The specific structure of this model and the solving steps can be found in reference [4] .
When this sub-model is applied to reservoir flood regulation, the flood control water level is set as the initial water level of flood control by considering the worst situation of flood season regulation. The trial method is used to solve the water storage state at the end of the period during every calculated time interval, then the flood storage capacity in accordance with various kinds of constraint conditions is solved based on the recursive equation.
Power regulation sub-model
The role of power regulation sub-model in reservoir multi-objective scheduling model is to provide the power generation benefit during the whole reservoir regulation period. This paper applies reservoir operation chart to calculate the power regulation. The basic formula is Eq.1.
KQHT QHT
Where, E denotes power generation production; T denotes time, and the unit is hour; Q denotes generated energy; H denotes power generation net head that is the difference between water level between the upstream and the downstream, deducting the head loss, where the head loss can be calculated based on the relationship between discharge and head loss that is proposed in the pivot design;  81 . 9  K denotes force-voltage factor;  is electromechanical efficiency coefficient.
For the known information of runoff, this paper employs water level at the end of the period control method, which means that the hydropower station works depends on directive output in keeping with the reservoir water level at the end of each period, then the average output i N in period i is calculated as follows.
Z t are the reservoir water storage and the corresponding water level of the period i(t) and the period i  (t+ t) , respectively; e Q is natural inflow of the hydropower station; t  is time duration of the period. For the unknown information of reservoir water level at end of the period, the average output i N is solved using a trial method. The specific solving steps can be seen in reference [4] .
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The dam's influence on the watershed ecosystem is mainly embodied in the changes of river non-ecological variables and ecological variables [5] . Non-ecological variables are mainly refer to the watershed feature, such as watershed hydrology, water quantity, water regime, sediment, water quality, channel morphology, etc, which is the first class effect of the river ecosystem. Ecological variables refer to primary production and high trophic level, which include primary creatures, plankton, aquatic macrophyte, algae, fish, invertebrates, mammals and so on. The primary creatures, plankton, aquatic macrophytes, algae are the second class effect, and fish, invertebrate, mammals are the third class effect. Ecological variables and non-ecological variables are interrelated. In view of the complexity of the watershed ecosystem, this paper mainly considers the first class effect on the river ecology of the downstream after the dam construction.
River ecological regulation model applied to upstream and downstream of the reservoir must investigate the structural and function changes of three levels, namely, the interval, river reach and ecological zone, and should consider the correlation of hydrology, sediment, fluvial landforms, river morphology, water quality, ecology, and dynamics of different levels. The main task is to study the response of the upstream and downstream river ecosystem after reservoir operation [5] ..
Basic equations
According to the temporal and spatial scale of the three studied levels and the intensity of interaction between landforms and ecosystem, the study of interval level mainly concerns river hydrology, landform characteristics and the changes of water temperature and water quality, which provides the study of the other two levels with boundary conditions. River reach level and ecological zone area mainly involves hydraulic and water quality conditions, channel morphology, ecosystem response and the coupling effect after the construction of the reservoir. Simultaneously, ecosystem response information extracted from river reach level and ecological level will be integrated and feeds back to the interval level, and the effect of these ecological information will be considered under the situation of simulating large-scale water and sediment, nutrients transport. This model relies on different levels and various kinds of research objects of the reservoir's upstream and downstream river system, function modules or element models of different levels are linked together organically by dynamics mechanism, reflecting the coupling effect between different levels and elements of the reservoir downstream river system after the reservoir operation.
(1) interval level For the interval level, the change law of water, sediment, river erosion and deposition, nutrients, water temperature and other key factors affecting the ecosystem are studied. Through the simulation of water and sediment, nutrients transport, river erosion and deposition, water temperature changes in large temporal and spatial scale, the results can provide boundary conditions for the river reach level and the ecological zone level. For material transport of large temporal and spatial scale, one-dimensional characteristic is obvious, and the one-dimensional dynamic model can be used for simulating the transport law of various material. Based on one-dimensional water-sediment dynamics model, the one-dimensional water temperature transfer equation is used to simulate the longitudinal changes of water temperature during the transport process in the river reach [11] .. (2) river reach level The definition of the river reach is generally based on the longitudinal characteristics of the river, such as gradient, slope, bottom width, riparian composition, etc. The spatial scale generally ranges from a few kilometers to hundreds of kilometers, and the temporal scale ranges from a few decades to hundreds of years. At this level, the interaction between landform and organism is very strong and the coupling model of water dynamics, water quality and ecology can be simulated. The biological objects studied are mainly population and community. The main simulation methods are as follows.
① The simulation of water-sediment transport and riverbed deformation According to the actual situation in the river reach, one-dimensional or two-dimensional water-sediment model can be used to carry out the simulation [12] .. ②The models of nutrient transport and water temperature One-dimensional models of nutrient transport and water temperature can refer to section(1) of ② and ③, the two-dimensional water temperature model can be found in reference [13] . Here we mainly introduce the two-dimensional nutrient transport model as follows. 
Where, x q 、 y q denote discharge per unit width.
The plane distribution of various kinds of nutrients, temperature and so on can be simulated using the above models. (3) Ecological zone level The ecological level is smaller than the river reach level in temporal and spatial scale and its classification depends on the riverbed composition, water depth, velocity, biological composition, etc within the river reach, such as shoal and deep trough. Generally the temporal scale of ecological zone ranges from a few years to a few decades, and the spatial scale ranges from tens of meters to a kilometer. At this level, the interaction between ecology and landform is very strong, changes of conditions such as velocity, water depth, riverbed erosion and deposition will cause strong biological response [14, 15] . In this level, the studied biological objects are mainly individuals and population. The research method is basically similar to the river reach level.
Model integration
As mentioned before, the river ecosystem involves the dynamics process of hydrology, hydraulics, fluvial landforms, water quality, organism and microorganism. Not only the different temporal and spatial scales levels, but also the every physical process inside the level, has its own characteristic temporal and spatial scale. For such a mutual nesting problem of compound temporal and spatial scale, the primary thing to consider is how to integrate the whole behavior of the system and partial evolution and adjustment organically to ensure the deviation and information loss won't happen during the information transfer process. We can adopt the yardstick reasoning method [16] . that is commonly used in the ecosystem, which means to put the information from one scale to another scale. This will link the pattern and process of the large scale and the small scale together organically.
Reservoir Scheduling Model Establishment of multi-objective
The distribution and coordination of benefit between the power generation, flood control and river ecology in the reservoir operation is a multi-objective decision-making problem. According to the theory of multi-objective decision, the purpose of jointly scheduling multi-objective reservoir operation is to seek the non-inferior relationship between reservoir power generation, flood control and river ecology under the conditions of meeting the requirements of flood control and river ecology. So, the aim of the model is to select best power generation benefit, minimal flood risk and minimal impact on river ecosystem during the calculation period. Sciences 8 (2011) 955-961  959 
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Objective function and constraint condition
The basic objective of reservoir power generation, flood control and river ecology in the jointly scheduling multi-objective reservoir operation, their specific forms are as follows: (1) maximal annual average power generation benefit, namely ) (
Where, x denotes the independent variable in the model and determined by the reservoir operation;
are the maximal annual average power generation benefit, the minimum risk flood R downstream of reservoir, the minimal yearly ecological impact, respectively. Obviously, this is a single variable containing three objective decision-making problem.
As the various constraints of reservoir operation have already met in the sub-model solution, there is only one range of variable x existed.
X x  (8)
Where X is the feasible region of variable x.
3.2.Sub-model coupling
To reduce the calculation workload and the difficulty before solving the multi-objective decision-making model, the coupled variable method contact the relationship between flood control, power generation and river ecology downstream reservoir is used [17] .This paper explores discharged flow as coupled variable, and several different sets of values of the coupled variable is selected. By using previously established power generation, flood control and ecological reservoir scheduling sub-model, the changes of the lower reservoir flood risk rate, the power generation benefit and the ecological impact under each scheme can be calculated. Then, according to curve fitting method [18] , the functional relationship between the coupled variables and flood risk rate, power generation benefit and ecological can be established. The detailed are as follows.
① power generation sub-model According to the power generation scheduling sub-model, the hydropower regulation calculation of each scheme can be calculated period by period by using the reservoir inflow data or the representative annual runoff. During the calculation, the various constraints such as the installed capacity, the limits of minimum load, the comprehensive utilization requirement on reservoir drainage downstream of reservoir, the upper and lower limits of reservoir water level in special months, and other requirements should be considered and met. Also, the successive processing principle should be specified when some of the constraints come to be incompatible. Depending on the calculations of the different schemes, we can fit out the functional relationship between the coupling variables and the target value of power generating (that is, the annual average power generation benefit XE).
② flood control sub-model The flood control scheduling sub-model is used for reservoir flood control operation calculation. Depending on the frequency of flood data , the largest flood risk rate downstream of reservoir can be calculated under different schemes. In the calculation, the discharge capacity, the reservoir water storage capacity and the discharged flow and other constraints should meet requirements. According to calculated results of different schemes, we can fit out the functional relationship between the coupling variables X and the flood control objectives by using curve fitting method.
③ ecological sub-model According to ecological reservoir scheduling sub-mode, the impact on river ecosystem of each scheme can be calculated by using the reservoir inflow data or the representative annual runoff. Depending on the calculations of the different schemes, we can fit out the functional relationship between the coupling variables x and the target value of ecological (that is, the no destruction requirement XEC).
Thus, based on the functional relationships between the coupled variables and the objective (Eq.9~Eq.11), not only can we organically combine the power generation, flood control and ecological objectives, but also we can realize the multi-objective co-scheduling. In addition, the direct use of multi-objective reservoir sub-model to calculate the target value of the joint scheduling model Eq.5~Eq.7(
) can be avoided and the computing workload of multi-objective co-scheduling can be reduced.
3.3.Model Solution
The Generation of Non-inferior Solution
According to multi-objective optimization problem solving method, this paper uses a constraint method to solve the established reservoir multi-objective model. The power generation benefit is treated as the basic objective in reservoir dispatching system, and the flood control and ecological objectives are regarded as constraints, the original problem is then transformed into a single-objective constrained nonlinear optimization problem with one objective condition. The multi-objective scheduling model can be written as max{ ) (14) X x (15) where， 1  and 2  are the upper limit of flood control objective and ecological objective , respectively.
Evaluation of non-inferior solution
It is generally required to combine the preferences of decision makers after the generating of non-inferior solutions to evaluate the non-inferior solution by using some certain assessment techniques to get the optimal equilibrium solution, that is the most satisfactory solution for the elected decision-makers. As our total aim is to pursue the best comprehensive benefits(utility) in the reservoir planning and design, and for the different relative importance of different objectives, this article intends to combine the weight determination and evaluation methods [18, 19] to establish a multi-objective weighted equilibrium sorting model:
In practice calculation, in order to ensure that each objective function has the same scope and to eliminate the sort instability caused by the different dimensional evaluation index, we need to normalize the deviation of each objectives. Generally this range corresponds to a scope of (0,1), that is to say, replace )) ( ( 
